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ABSTRACT 

The increase i n  SWS o r b i t a l  i n c l i n a t i o n  from 
35 t o  50  deg rees  s i g n i f i c a n t l y  a f f e c t s  t h e  AAP-2 launch  
window, growth margin and the  number of launch o p p o r t u n i t i e s .  
For a 1 0 0 0  l b  AAP-2 payload p e n a l t y ,  t h e  launch window i s  
reduced i n  l e n g t h  from 34 t o  18 .5  minu tes ,  and t h e  grcwth 
margin i s  reduced from 2980 t o  1939  lbs. 
launched on f o u r  consecu t ive  days a f t e r  AAP-1,  

AAP-2 c a n  b e  
i n s t e a d  

of f i v e .  

{ N A S B ‘ C R - 3  12562) COMPARISON OF AAP-2 LAUNCH WZNDOUS A N D  LAUNCH OPPOPTUNITIES WITH THE 379-72126 sus AT 35 A N D  so DEGREE rWczIMATroMs 
( ~ e i l c o m ~ ,  rat,) 17 p 



. 
1 BELLCOMM. I N C .  

955 L'ENFAHT PLAZA NORTH, S.W. WASHINGTON, D.C. 2W4 B70 0 2 0 1 1  

SUBJECT: Comparison o f  AAP-2 Launch DATE: February 1 0 ,  1 9 7 0  

- 
Windows and Launch O p p o r t u n i t i e s  
w i t h  t h e  SWS a t  35 and 50 Degree 
I n c l i n a t i o n s  - Case 610 

FROM: W. L. Aus t in  

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

Because o f  new ear th  r e s o u r c e  experiment  r e q u i r e -  
m e n t s ,  t h e  Sa tu rn  Workshop (SWS) o r b i t a l  i n c l i n a t i o n  h a s  
been i n c r e a s e d  from 35 t o  50 degrees .  The o r b i t  remains 
c i r c u l a r  a t  235 nm a l t i t u d e .  

The purpose of t h i s  memorandum i s  t o  d i s c u s s  
t h e  impact  of  t h e  o r b i t a l  i n c l i n a t i o n  change on t h e  AAP-2 
launch window and launch o p p o r t u n i t i e s .  T h e  l aunch  window 
and launch o p p o r t u n i t i e s  for  t h e  35 and 50 degree  incl i -  
n a t i o n s  are d i s c u s s e d  and compared i n  the fo l lowing  s e c t i o n s .  

Comparison o f  Launch Windows 

The launch  window i s  d e f i n e d  as  the p e r i o d  of  
t i m e  du r ing  which t h e  AAP-2 l aunch  vehicle can i n s e r t  the 
CSM i n t o  the proper  o r b i t  w i t h  r e s p e c t  t o  the SWS o r b i t  
w i t h  an a c c e p t a b l e  payload pena l ty .  Acceptab le  payload 
p e n a l t y  i s  a r b i t r a r i l y  def ined  a s  l O O O  lhs.  F i g u r e s  1 and 
2 show t h e  AAP-2 launch  window s i z e s  and o p p o r t u n i t i e s  f o r  
35 and 50 degree  i n c l i n e d  SWS o r b i t s  r e s p e c t i v e l y .  

P l o t t e d  on the t o p  h a l f  o f  F i g u r e s  1 and 2 are 
t h e  AAP-2 yaw rate,  payload p e n a l t y ,  and optimum launch  
azimuth* v s  the  t i m e  f r o m  the c e n t e r  of the  window. I n  
b o t h  cases, the AAP-2 CSM is always i n s e r t e d  a t  t h e  p e r i g e e  
of an 81 x 1 2 0  nm o r b i t .  T h e  time from the c e n t e r  of the 
window i s  t h e  t i m e  i n  minutes  f r o m  an  in-p lane  AAP-2 launch.  
Launches a t  times o t h e r  t h a n  t h e  0 r e q u i r e  yaw s t e e r i n g  
which r e s u l t s  i n  a payload pena l ty .  T h e  l o w e r  h a l f  o f  e.ach 
f i g u r e  i s  a p p l i c a b l e  t o  the s e c t i o n  on launch  o p p o r t u n i t i e s  
and w i l l  be  d i s c u s s e d  there. 

*At the p r e s e n t  time, t h e  S-IEL s o f t w a r e  does  n o t  
i n c l u d e  a v a r i a b l e  launch azimuth c a p a b i l i t y .  H o w e v e r ,  
t h i s  c a p a b i l i t y  can e a s i l y  be added t o  the S-IB s o f t w a r e  
(I ieference 1). 
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Comparing t h e  two f i g u r e s ,  it i s  r e a d i l y  s e e n  
t h a t  i n c r e a s i n g  t h e  SWS o r b i t a l  i n c l i n a t i o n  t o  50 deg rees  
reduces  t h e  s i z e  of  t h e  AAP-2 l aunch  window from 34 t o  
18.5 minutes  f o r  a 1 0 0 0  lb payload p e n a l t y .  Not shown 
i n  t h e  f i g u r e s ,  however, i s  t h e  payload c a p a b i l i t y  (weight  
above t h e  in s t rumen t  u n i t  (IU)) of t h e  AAP-2 launch 
v e h i c l e .  For an in-p lane  launch and p e r i g e e  i n s e r t i o n  
i n t o  an 8 1  x 120 nm o r b i t ,  our s i m u l a t i o n s  show an AAP-2 
launch v e h i c l e  payload c a p a b i l i t y  of 38,970 and 37,929 l b s  
f o r  i n c l i n a t i o n s  of 35 and 50 d e g r e e s  r e s p e c t i v e l y .  These 
f i g u r e s  \.ere determined using t h e  BCMASP s i m u l a t o r  and 
i n c l u d e  t h e  SLA and a l l o w  f o r  a f l i g h t  performance reserve 
o f  1112 l b s .  T h i s  i s  a r educ t ion  o f  1 0 4 1  l b s  i n  S - I B  
payload c a p a b i l i t y  which i s  e q u i v a l e n t  t o  a 1041 lb reduc- 
t i o n  i n  t h e  AAP-2 growth margin. A t  p r e s e n t ,  the AAP-2 
weight  above t h e  I U  ( s p a c e c r a f t  and SLA) is 34,990 lbs  
(Reference  2). Assuming a 1000 l b  a l l o c a t i o n  f o r  yaw 

maneuvers, t h e  AAP-2 growthmarg in  i s  reduced from 2980 
t o  1939 l b s  due t o  t h e  i n c l i n a t i o n  change. 

Another e f f e c t  o f  i n c r e a s i n g  t h e  SWS o r b i t a l  
i n c l i n a t i o n  t o  50 degrees  i s  tha t  more n o r t h e r l y  launch  
azimuths are r e q u i r e d .  Launch azimuths f o r  t he  35 degree  
o r b i t  range  f r o m  73 .8  t o  60.0 degrees. For  the 50 degree  
o r b i t ,  launch azimuths range from 52.5 t o  36.7 degrees .  
Because of t h e  more n o r t h e r l y  launch  az imuths ,  a l i m i t e d  
a n a l y s i s  of AAP-2 r a d a r  t r a c k i n g  f r o m  l aunch  t o  i n s e r t i o n ,  
and t h e  i n s t a n t a n e o u s  impact p o i n t s  CIIP'sl w a s  done f o r  
t h e  50 degree  i n c l i n e d  orb i t .  

F i g u r e  3 shows the AAP-2 t r a c k i n g  coverage f o r  
launch  azimuths of 54 and 36 d e g r e e s  from launch t o  
i n s e r t i o n  i n t o  a 50 degree  i n c l i n a t i o n  o r b i t .  C l e a r l y ,  
t r a c k i n g  coverage i s  cont inuous from l a u n c h  t o  i n s e r t i o n .  
However, a p o t e n t i a l  problem area is t h e  s i n g l e  s t a t i o n  
coverage by Bermuda from approximately 445.0 seconds t o  
i n s e r t i o n .  A t r a c k i n g  problem would ar ise  i f  Bermuda f a i l e d  
t o  a c q u i r e  o r  has an equipment f a i l u r e .  The l ikelihood 
of these t w o  p o s s i b i l i t i e s  i s  c u r r e n t l y  be ing  i n v e s t i g a t e d .  

F i g u r e  4 shows approximate AAP-2 IIP c u r v e s  
over a range  of launch azimuths from 52 t o  36 degrees .  
These cu rves  w e r e  g e n e r a t e d  by computing a c o n i c  no-drag 
t r a j e c t o r y  a t  each i n t e g r a t i o n  s t e p  i n  the powered f l i g h t  
t r a j e c t o r y .  The p o i n t  of impact t h e n  is the first 
i n t e r s e c t i o n  of t h e  con ic  w i t h  a s p h e r i c a l  e a r t h  a f t e r  
apogee passage.  

S-IB impact  p o i n t s  occur  i n  water. S ince  t h e  S-IVB is  
nominal ly  i n s e r t e d  i n t o  o r b i t ,  an  impact  prohlem can o n l y  

Over t h e  e n t i r e  range of launch azimuths,  a l l  
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ar i se  should  an abort  r e q u i r i n g  e a r l y  shutdown of t h e  
S - I V B  occur .  As t h e  map shows, t h e  I I P  does t r a v e r s e  
t h e  European l and  m a s s ,  b u t  ve ry  q u i c k l y  a t  t h e  end of  
t h e  S-IVB burn. Whether o r  n o t  a nominal t r a j e c t o r y  
wi th  t h e s e  I I P  c h a r a c t e r i s t i c s  i s  a c c e p t a b l e  has  n o t  
y e t  been dec ided .  

Comparison of  Launch O p p o r t u n i t i e s  

The lower h a l f  of F i g u r e s  1 and 2 show t h e  
AAP-2 in -p lane  launch o p p o r t u n i t i e s  f o r  M = 3, 4, 5, 
and 17 rendezvous f o r  a pe r iod  o f  15 days a f t e r  t h e  SWS 
launch*.  The M number is t h e  AAP-2 o r b i t  number d u r i n g  
which rendezvous occur s .  These launch o p p o r t u n i t i e s  
w e r e  g e n e r a t e d  u t i l i z i n g  program "LWPANE" (Reference 3) , 
and are based on an optimum SWS launch (no yaw s t e e r i n g ) .  

Table I shows t h e  sequence of e v e n t s  and t h e  
number of  o r b i t s  between t h e  e v e n t s  used i n  program 
"LWPANE" t o  de te rmine  t h e  launch o p p o r t u n i t i e s  f o r  M = 2, 
4, and 5 rendezvous.  The v a r i a t i o n  i n  apogee and p e r i g e e  
and t h e  number o f  o r b i t s  from NC1 t o  NC2 and NC2 t o  NSR 
d e f i n e  t h e  phasing c a p a b i l i t y .  The t o t a l  r anges  i n  
c e n t r a l  a n g l e  caught  up are 1 0 . 4 6 ,  20.89, and 31.32 
degrees  f o r  M = 3, 4, and 5 r e s p e c t i v e l y .  

For M = 1 7  t h e r e  a r e  two catch-up modes ( f a s t  
and s l o w )  f o r  AAP-2. I n  t h e  f a s t  mode, NC1 i s  used as  
t h e  phas ing  maneuver and i n  t h e  s l o w  mode NC2 i s  used  
a s  t h e  phasing maneuver. Table I1 shows t h e  sequence 
of e v e n t s ,  apogee/per igee v a r i a t i o n s  and number of o r b i t s  
between maneuvers f o r  t h e  f a s t  and slow catch-up modes 
of t h e  M = 17 rendezvous. Adding t h e  phasing c a p a b i l i t y  
of t h e  t w o  modes, t h e  t o t a l  range  i n  c e n t r a l  a n g l e  i s  
185.78 degrees .  

F igu re  1 shows t h a t  f o r  t h e  35 degree  i n c l i n a t i o n  
a launch o p p o r t u n i t y  e x i s t s  f o r  AAP-2 on e a c h o f  f i v e  
c o n s e c u t i v e  days a f t e r  the SWS launch.  A f a s t  rendezvous 
(M = 3 ,  4 ,  o r  5)  can be used on days 1 and 2; a s l o w  
rendezvous (M = 17) i s  a v a i l a b l e  on days 2, 3, 4, and 5. 
The p a t t e r n  r e p e a t s  every 7 days .  

*The M = 1 7  o p p o r t u n i t i e s  i n c l u d e  an AAP-2 ascending 
node b ias  t o  compensate f o r  t h e  d i f f e r e n c e s  i n  nodal  
r e g r e s s i o n  of t h e  AAP-2 and SK3 orb i t s  from AAP-2 i n s e r t i o n  
through rendezvous.  
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Re fe r r ing  t o  t h e  50-degree case shown i n  F igu re  2, 
l aunch  o p p o r t u n i t i e s  are a v a i l a b l e  f o r  4 consecu t ive  days 
a f t e r  t h e  SWS launch. 
t h e  f i r s t  day and t h e  f o u r t h  d a y ' s  launch  o p p o r t u n i t y  i s  
shor t ened .  
days r e p e a t s  i n d e f i n i t e l y .  

F a s t  rendezvous i s  avai lable  on ly  on 

The p a t t e r n  o f  4 launch o p p o r t u n i t i e s  every  5 

F igu res  1 and 2 were gene ra t ed  w i t h  t h e  SWS 
The launch  d i r e c t l y  i n t o  o r b i t  w i th  no yaw maneuver. 

e x a c t  r e l a t i o n s h i p  between t h e  launch  window c e n t e r  and 
t h e  CSM launch o p p o r t u n i t i e s  can be  b i a s e d  s l i g h t l y  by 
yawing t h e  SWS and the reby  s h i f t i n g  the o r b i t  node. 
F igu re  5 (used w i t h  t h e  enc losed  ove r l ay r  shows t h e  
e f f e c t  yaw s t e e r i n g  the SWS h a s  on t h e  occurrence  of  
in-phase o p p o r t u n i t i e s  f o r  t h e  50 degree  i n c l i n a t i o n .  

To use t h e  overlay,  superimpose t h e  h o r i z o n t a l  
scale of t h e  o v e r l a y  on the t i m e  i n  minutes  from c e n t e r  
o f  t h e  window scale i n  t h e  upper p a r t  of F igu re  5.  For 
a d e s i r e d  s h i f t  i n  SWS ascending node, mcve t h e  o v e r l a y  
h o r i z o n t a l l y  u n t i l  i t s  0 p o i n t  i s  above a d e s i r e d  v a l u e  
on t h e  s h i f t  i n  SWS ascending node scale. AAP-2 l aunch  
o p p o r t u n i t i e s  f o r  a p a r t i c u l a r  s h i f t  i n  ascending  node 
are  t h o s e  which f a l l  b e t w e e n  t h e  dashed v e r t i c a l  l i n e s  
( 1 0 0 0  l b  payload p e n a l t y  l i m i t s )  on t h e  ove r l ay .  For 
example, t o  o b t a i n  t h e  launch o p p o r t u n i t i e s  shown i n  
F i g u r e  2 ,  v e r t i c a l l y  a l i g n  t h e  0 on t h e  o v e r l a y  wi th  the 
0 p o i n t  on t h e  s h i f t  i n  ascending node scale. 

Any s h i f t  i n  t h e  SWS i n s e r t i o n  ascending node 
w i l l  r e s u l t  i n  a payload pena l ty  f o r  t h e  SWS. F i g u r e  6 
shows t h e  payload p e n a l t y ,  yaw r a t e ,  and optimum launch  
azimuth vs s h i f t  i n  i n s e r t i o n  ascending node f o r  t h e  SWS. 
For example, a s h i f t  of 0.9 deg ree  r e s u l t s  i n  ex tending  
t h e  d u r a t i o n  of t h e  day 4 oppor tun i ty  t o  10 minutes  
wi thou t  a f f e c t i n g  t h e  d u r a t i o n  of  t h e  o p p o r t u n i t i e s  f o r  
days  1 through 3. Refer r ing  t o  F igu re  6 ,  the SWS payload 
p e n a l t y  i s  600  l b s .  

Summary 

The i n c r e a s e  o f  t h e  SWS o r b i t a l  i n c l i n a t i o n  
t o  50 degrees  s i g n i f i c a n t l y  affects  t h e  AAP-2 l aunch  
window and t h e  number of  launch o p p o r t u n i t i e s .  For a 
1000  l b  U P - 2  payload pena l ty ,  t h e  launch  window i s  
reduced i n  l e n g t h  from 34 t o  18.5 minutes ,  and the 
growth margin i s  reduced from 2980 t o  1939 lbs. Launch 
azimuths are cons ide rab ly  more n o r t h e r l y  r e s u l t i n g  i n  
p o s s i b l e  t r a c k i n g  and I I P  problems. AAP-2 can be 
launched on 4 consecu t ive  days a f t e r  AAP-1, i n s t e a d  of 5 .  
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Even though U P - 2  t r a c k i n g  coverage i s  cont inuous  
from launch  t o  i n s e r t i o n ,  Bermuda i s  t h e  o n l y  s t a t i o n  
t r a c k i n g  t h e  vehic le  f o r  a s i g n i f i c a n t  p o r t i o n  of t h e  S - I V B  
burn.  The p r o b a b i l i t y  t h a t  Bermuda would n o t  a c q u i r e  o r  
drop  o u t  w h i l e  t r a c k i n g  i s  c u r r e n t l y  be ing  i n v e s t i g a t e d .  

The I I P  a n a l y s i s  p r e s e n t e d  i n  t h i s  memorandum 
i s  a l i m i t e d  one as con ic  no-drag t ra jector ies  were used 
t o  compute t h e  impact p o i n t s .  However, it does show t h a t  
some p o r t i o n  o f  t h e  S- IVB burn w i l l  r e s u l t  i n  l a n d  impacts  
(Europe) i n  case of a b o r t .  
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